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ABSTRACT 

We have investigated the presence of dense gas toward the radio source Cen A by looking at the 
absorption of the HCO"*" and HCN (3-2) lines in front of the bright continuum source with the 
Submillimeter Array. We detect narrow HCO+ (3-2) absorption, and tentatively HCN (3-2), close 
to the systemic velocity. For both molecules, the J = 3 — 2 absorption is much weaker than for the 
J = 1 — line. From simple excitation analysis, we conclude that the gas density is on the order of a 
few 10^ cm~^ for a column density A^(HCO''")/Ay of 3 x 10^^ cm~^ km~^ s and a kinetic temperature 
of 10 K. In particular, we find no evidence for molecular gas density higher than a few 10* cm~^ on 
the line of sight to the continuum source. We discuss the implications of our finding on the nature of 
the molecular gas responsible for the absorption toward Cen A. 

Subject headings: galaxies: individual (NGC5128, Cen A) — galaxies: ISM — ISM: molecules — radio 
lines: galaxies 



1. INTRODUCTION 

The giant elliptical galaxy NGC 5128 hosts the power- 
ful central radio continuum source Cen A and contains 
significant amount of gas and dust projected in front of it. 
It is therefore a good target for absorption study. It was 
the first radio galaxy in which abso rption in neutral hy- 
drogen was detected (jRobertslll970t ). Since then, numer- 
ous molecules have been detected in absorption toward 
Cen A as well, first at r adio w avelength s, such as H2CO 
(IGardner fc WhiteoakI [l976l). C-^H^ (ISeaauist fc Belli 
I1986D . OH. NH-. (ISeaauist fc Belli 11990^. and fur- 



ther at millimeter wavelengths with the Swedish-ESO 
Submillimeter Telesco pe (SEST): CO, HCO+, HCN 
HNC. CN. CS asrael"^all [199(11 : lEckart et all [T99nl : 
iWiklind fc CombesI 11991! ^ The molecular absorption 
profile is best revealed from the HCO~' "(1-0) spectrum 
pubhshed by IWiklind fc CombesI ()1997D . owing to the 
large opacity of the transition, and to the high signal 
to noise and good spectral resolution of the data. 

The HCO+(1-0) absorption profile can be mainly de- 
composed into two components: i) a. series of narrow 
(1 — 2 km s^^ wide) lines with absorption depth ranging 
from ^ 50% to nearly 100% of the continuum intensity, 
located in the heliocentric velocity range between 540 
and 560 km s~^, i.e. close to the systemic velocity, and ii) 
a broad absorption feature between 560 and 640 km s^^, 
of ~ 10% of the continuum, also including several nar- 
row components (10 to 50% of the continuum). Following 
iWikhnd fc CombesI ([l99l . we will refer to these compo- 
nents as Low Velocity Complex (LVC) and High Velocity 
Complex (HVC), respectively. 

Similarly, the HI absorption profile shows numerous 
narrow components, although some with no molecular 
counterparts, and vice versa. The estimates of the sys- 
temic velocity range between T^jel = 536 and 551 km s,~^ 
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in the literature (see e.g. the review bv l!srael[T998h . 
The existence of redshifted HI absorption, seen only in 
front of the radio core and not against th e inner lobes, 
has been interpreted bv lvan der Hulst et a l. (1983) as gas 
infall toward the central source. Eventually, this gas in- 
fall could be sufficient to fu el a superma s sive b lack hole 
(|van Gorkom et al.|[l989l) . iSarma et all (|2002D showed 
that a weak and broad HI absorption, previously unde- 
tected and corresponding in velocity to the molecular 
HVC, is occuring only in front of the nucleus. The re- 
gion showing redshifted gas is limited in size to < 100 
pc from the radio core, and is thus a strong candidate 
for a circumnuclear disk. New HI observations with 
the Australia T e lescop e Compact Array (ATCA) allowed 
iMorganti et al.l ()2008 l) to also detect blueshifted absorp- 
tion, thus favoring the interpretation in terms of a ro- 
tating circumnuclear disk. It is not clear, however, what 
is the illuminating background continuum so urce at this 
frequency. Indeed, iTingav fc Murphvl ()2001[ ) show that, 
between 2 and 5 GHz the innermost part of the radio 
continuum source is affected by free-free absorption that 
might be caused by circumnuclear ionised gas. The ab- 
sorption of hard X-ray, indicating a column density of 
lO^'^ atoms cm~^ of absorbing gas in front of the cen- 
tral source (|Evans et al.ll2004 ). also suggests the pres- 
ence of circumnuclear material around the supermassive 
black hole, as expected from the AGN unification models 
fAntonucci 1993). 

The central region of Cen A is heavily obscured in the 
optic al, with Ay ~ 15 ([Israel et al.l 119901: lEckart et all 
[1993). The presence of a circumnuclear molecular disk 
in Cen A, with extent of about 100 — 200 pc in radius , 
has been inferre d by several authors ( Israel et al.lll99()l : 
iHawarden eran[T99l iRvdbeck et al.l 119931 : iLiszt' '2001h 
on the ba sis of infrared and submillimeter emission data. 
Recently, iNeumaver et al.l ([20011 ) mapped the H2 2 /Ltm 
lines emission at ^ 0.1" resolution toward the central 
region with a field of view of 3" x 3" 50 x 50 pc). 
Their best fit of the H2 velocity field, using a warped 
disk model, indicates a median disk inclination angle of 
45° ± 12° and a black hole mass of - 5 x lO'^ Mp,. 
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The HVC absorption is significantly redshifted with re- 
spect to the systemic velocity, and spread over a larger 
velocity range than that of the LVC, forming, as seen 
in the HCO"*" (1-0) line, a broad and continuous absorp- 
tion over more than 50 km wide. For these reasons, 
iWiklind fc Combed (|1997f) suggest that the HVC absorp- 
tion components could originate in the circumnuclear 
disk. The LVC components, on the other hand, may cor- 
respond to intervening gas in the galactic disk of Cen A, 
although it is d ifficult t o determine their locations. Alter- 
natively, Ecka rt et al.l ([l999) proposed that the general 
velocity structure of the absorption could be explained 
kinematically with a tilted-ring model and high-altitude 
clouds, not necessarily requiring the presence of molecu- 
lar gas close to the active nucleus. 

In any case, the physical conditions of the absorbing 
molecular gas are still poorly known. Previous analy- 
sis of CO multi-transition si ngle-dish observations were 
conducted ([Israel et al.ll991h . but suffer from strong con- 
tamination by line emission. The situation is better for 
^■^CO, as the line emission is greatly reduced. From 
analysis of the ^'^C O (1-0) and (2-1) line absorption, 
lEckart et al.l ()1990[ ) derived volume density n(R2) of a 
few times 10^ cm~^ for the narro w components in the 
LVC. Van iLangevelde et al.l (|1995[ ) observed the ground 
state main lines of OH (rest frequencies of 1665 and 1667 
MHz) with the ATCA and estimate similar gas density 
for LVC absorption components. Interestingly, they also 
observed the two satellite lines at 1612 and 1720 MHz 
and find that these lines have a strong conjugate be- 
havior, one in absorption, and the other equally strong 
in emission. This is particularly remarkable in the HVC, 
because the co rresponding absorption is weak in the main 
OH lines. Van ILangevelde et al.l ()1995f ) note that such a 
behavior could occur at high density n > 10^ cm~^. To 
the best of our knowledge, no other molecule has been 
observed in different rotational transitions, and the phys- 
ical properties corresponding to the HVC components are 
mostly unknown. 

With the aim to study the properties of the gas in 
front of the nuclear continuum source, and particularly 
the dense gas component as a probe of the potential cir- 
cumnuclear disk, we have observed the high density gas 
tracers HCO+ and HCN (3-2) transitions toward the cen- 
ter of Centaurus A with the Submillimeter Array. We 
present our observations and results in SjH and Impli- 
cations are d iscusse d in jpl A thorough review on Cen 
A is given bv [Israeli (|1998[r 

2. OBSERVATIONS AND DATA REDUCTION 

The J = 3 - 2 transitions of HCO+ (267.5576 GHz) 
and HCN (265.8864 GHz) were observed toward Cen A 
with the SubmiUimeter Array (SMA), on 2007 April 7th. 
The array was composed of eight antennas in a compact 
north-south configuration, optimized for observations of 
sources in the southern hemisphere. The projected base- 
lines ranged between 5 and 110 m over the course of 
the observations. The phase reference was set to the 
position of Cen A at (R.A., Dec.)j2ooo = (13^25™2?;60, 
-43°01'09'.'0). 

We observed Cen A for a total on-source integration 
time of 4.3 hours. The zenith atmospheric opacity at 
225 GHz was between 0.1 and 0.15. System temperatures 
ranged between 200 and 600 K for the different antennas. 



except for one antenna, for which the system temperature 
was between 600 and 900 K. The data were calibrated 
with the software package MIR/IDL. The bright radio 
sources 3C273, 3C279 and Ganymede were observed for 
bandpass calibration, for which an antenna-based solu- 
tion was adopted. 

The heterodyne receivers were tuned to observe simul- 
taneously the HCO"*" and HCN (3-2) transitions, both 
placed in the lower sideband (LSB). The ~ 2 GHz band- 
width of the LSB was divided into 24 spectral windows 
("chunks"), 104 MHz (- 95 km s^^) wide each, and 
slightly overlapping in frequency. 

The continuum emission (FiglT^) was reconstructed by 
averaging all the LSB line-free chunks, resulting in a to- 
tal spectral bandwidth of 1.6 GHz. The absorption com- 
ponents, especially around Vhel ^ 550 km s~^, have 
narrow linewidths (^ 1-5 km s^^). We therefore used 
a velocity resolution of ~ 0.2 km (i.e., 512 chan- 
nels/chunk) for the chunks corresponding to the HCO''" 
and HCN lines. All the other chunks were set to a spec- 
tral resolution of 0.8125 MHz (or a velocity resolution 
of 0.9 km s~^). To further improve the signal to 
noise ratio, the spectral resolution of all chunks has been 
smoothed to 1.625 MHz (i.e., - 1.8 km s^^). 

We used the strong and unresolved continuum emission 
to self-calibrate the line visibilities. We estimate the con- 
tinuum flux density of Cen A to be ~ 6.6 Jy at 266 GHz, 
with uncertainty of order of 20%, by using Ganymede 
as a flux calibrator. The complex gains (amplitude and 
phase vs time) were self-calibrated on the continuum visi- 
bilities. The amplitude was normalized to the continuum 
level. 

Continuum-subtracted channel maps were produced 
for both lines. The deconvolved maps, integrated over 
the LVC (from 535 to 560 km s'^) and HVC (from 565 
to 620 km s~^) velocity ranges, are shown in Fig[T};-f. 
Adopting natural weighting, the uv-coverage of our SMA 
observations yields a synthesized beam of 4.0" x 2.6", 
with a position angle of 9°. A fit of the calibrated line 
visibilities, with the GILDAS/MAPPING task UVFITS, 
using a point source model with fixed position (at the 
phase center) but free amplitude, resulted in the spectra 
shown in Fig [2] 

3. RESULTS 

The HCO+ and HCN (3-2) absorption spectra to- 
ward Cen A, obtained with the SMA, are presented 
in FigO For comparison, we also include the absorp- 
tion profiles of HCO+ (1-0 ) an d HI, as parametrize d by 
IWiklind fc CombesI ([1991 and ISarma erall (l200l ). re- 
spectively. 

The HCO"'" (3-2) absorption is clearly detected in the 
LVC velocity range (see also Fig[TJ:). A strong and nar- 
row (^ 1 km s^^ wide) line, located at ^ 552 km s~^, 
matches with the deepest absorption component seen in 
the HCO"*" (1-0) spectrum. The absorption depth reaches 
16% of the continuum level. The r.m.s. noise level, mea- 
sured over line-free channels, is 2.5% of the continuum. 
Blueward of this line, at a velocity of 543 km s~^, a sec- 
ond weaker component can be identified and probably 
results from the blend of several narrow (< 2 km s~^) 
line components, ident ified in th e high velocity resolu- 
tion spectrum of .Wiklind fc Combca (1997, ). The signal 
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Fig. 1. — a) 1.1 mm normalized continuum emission. Contour 
levels are drawn every 10% (~ 23(t); b) Dirty beam corresponding 
to the uv-coverage of our SMA observations (contour levels every 
10%, in black for positive contours and white for negative ones); 
c,d,e,f) Maps of the HCO+ and HCN(3-2) line intensity integrated 
over the LVC and HVC velocity ranges. The continuum emission 
has been subtracted from visibilities before imaging. Contour levels 
are shown every 2a, i.e., 1.2 Jy beam~^ km s~ for LVC maps and 
1.8 Jy beam~^ km s~^ for HVC maps, in black for positive contours 
and white for negative ones. The synthesized beam (4.0" X 2.6", 
P. A. =9°) is shown at the bottom left corner of each map. 

to noise ratio of this feature, however, is hmited, and 
barely reaches 3cr at the peak. 

Concerning the HCN (3-2) hne, we tentatively detect 
counterparts to the 543 and 552 km s~^ components, al- 
though the signal to noise ratio is poor, with maximum 
absorption of ^ 7%. We note that the hyperfine struc- 
ture of the HCN (3-2) transition concentrates abou t 93% 
of th e total line intensity within 0.3 MHz (e.g., iMakil 
Il974f ). and is therefore not resolved given our spectral 
resolution. 

Given the rms noise level of our observations, ~ 2.5% 
of the continuum level, we do not detect any other ab- 
sorption feature. Especially, no counterparts of the HVC 
components are detected. Also, no HCO+ or HCN (3-2) 
emission is evident. 



4. DISCUSSION 



4.1. 



Continuum background and filling factor 

The 266 GHz continuum emission remains unresolved 
at our angular resolution of ^ 3". From Very Long 
Baseline Interferometry (VLBI), the nuclear region of 
Cen A is shown to harbor a core-jet radio structure 
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Fig. 2.— Spectra of the HCO+ (top) and HCN (middle) (3-2) 
absorption lines toward Con A. The velocity resolution is ~ 1.8 
km s~^. The pro file of the HCO+ (1-0) {/'"■H line, observed by 
|Wiklind & Combes 1997) and HI absorptions (dotted, obtained by 
Sarma ct al. 2002) are shown in the bottom frame. The velocity 
range of the LVC and HVC is also indicated. 



(|Tingav et al.|[T998[ ). As the jet has a steep radio spec- 
trum, with negligible flux at millimeter wavelengths, the 
molecular a bsorption should h owever occur toward the 
radio core. iKellermann et af] ([199 7i ) measured the size 
of the radio core as 0.5 ± 0.1 mas in diameter from 43 
GHz VLBI observations, corresponding to a linear di- 
mension of ~ 0.01 pc, and yielding a brightness tem- 
perature on the order of 10^° K. The temperature of 
any molecular gas in the line of sight is therefore ex- 
pected to be completely negligible with respect to that 
of the continuum. Given the very small apparent size 
of the continuum source at millimeter wavelengths, we 
expect the continuum source to be completely covered 
by the absorbing clouds, and will assume a filling factor 
of unity in our analysis. This assumption is supported 
by VLB A data of the OH 18 cm absorption, which ap- 
pears to cover a large fr action the continuum source (van 
iLangevelde et al.ll2005l) . 

In the following, we will compare our HCO+ and 
HCN (3-2) data to previous observations of the cor- 
responding (1-0) transitio ns obtained in 1995-1996 by 
IWiklind fc CombesI (|l997l) . To the best of our knowl- 
edge, no other observations of HCO+ or HCN absorption 
toward Cen A were attempted inbetween. The compar- 
ison might thus be affected by time variations, although 
iWikhnd fc Combes (,1997.) could not detect significant 
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changes of more than 10% between their HCO+ (1-0) 
absorption profile and that observed 7 years before by 
lEckart et al] (fTOQOt ). 

4.2. Excitation analysis 

In order to study the excitation conditions of the 
HCO+ and HCN (3-2) hnes in the Une of sight to Cen A, 
we have used a molecular excitation code based on the 
large velocity gradient (LVG) approximation. Molecular 
data for HCO"'" and HCN, including the energy levels, 
the radiative transition rates and coUisional cross sec- 
tions, were ta ken from the Lei den Atomic and Molecular 
Database (Sc hoier et al.l [20051 ). In our calculations, we 
include all rotational levels up to the J = 10 level. The 
temperature of the cosmic background radiation field is 
set to 2.73 K. Our code need three basic parameters as 
inputs: the molecular hydrogen density n(Il2), the ki- 
netic temperature Tkin and the gas column density per 
unit velocity N/AV. The statistical equilibrium equa- 
tions setup in the framework of the LVG approximation 
are solved iteratively using a Newton-Raphson method. 
We consider that convergence is achieved when the rela- 
tive change in level populations is less than 10^^ between 
two successive iterations. 

We present the results of our calculations in Figl3] and 
131 where the changes of excitation temperature and line 
opacity as a function of molecular hydrogen density are 
shown for the J=l — 0, J = 2 — 1 and J = 3 — 2 tran- 
sitions of IICO+ and HCN molecules, respectively. We 
assume a kinetic temperature of 10 K, within the range 
of temperatures commonly inferred in previous studies 
(jlsrael et al.lll99lUEckart et al.lll990[ ). The column den- 
sity per unit velocity is set to 3 x 10^^ cm~^ km"-'^ s 
for HCO+, and 2 x 10^^ cm"^ km^^ s for HCN, respec- 
tively. These values are c onsistent with that derived by 
IWikHnd &: Combed (fT997l) . 

At low gas density, i.e., n(H2) ^ 10^ cm~^, the HCO+ 
molecules are not excited to high J levels. As can be 
seen from FigO the excitation temperature is low for all 
transitions shown. Most of the HCO+ molecules stay in 
the J ~ and J = 1 levels, resulting in high opacity for 
the J = 1 — and 2 — 1 transitions. As the gas density 
increases, more HCO+ molecules are excited to higher 
J levels. The opacity of the J = 1 — transition drops 
rapidly, while the opacity of the J = 3 — 2 transition 
increases at nearly the same pace. We note here the 
non-intuitive behaviour of the J = 2 — 1 transition: the 
opacity of this transition increases slightly with density, 
peaking at a hydrogen density of 10^ cm~'^ and then 
falls off at higher density. The J = 2 — 1 line opacity 
remains optically thick for the whole range of density 
considered in our calculations. When the gas density 
reaches a few 10^ cm~^, the opacity of both the J = 1 — 
and J = 3 — 2 lines becomes comparable. At high gas 
density, greater than a few times 10^ cm~'^, all the three 
lines are thermalized. In this case, the opacity of the lines 
are determined by the usual Boltzmann distribution of 
level population. As we can see from FigO the J = 3 — 2 
line has a significantly higher opacity than the J = 1 — 
line. From the behaviour of the line opacity as a function 
of gas density, we suggest that the comparison of opacity 
for the J = 1 — and J = 3 — 2 pair constitutes a sensitive 
constraint to the gas density. 



The excitation temperature and line opacity for HCN 
molecules behave in a similar way (Fig|4]). However, the 
HCN lines become thermalized at higher density, above 
10^ cm~'^, due to lower collision rates in comparison to 
that of HCO+. 

For completeness, we also calculate the excitation tem- 
perature and opacity as a function of the column density 
of HCO"'" for a gas density of n(H2) — lO'* cm~'^ and 
a kinetic temperature of 10 K (see Fig[5]). The opacity 
of the three transitions increases monotonically with the 
HCO+ column density. Especially, the HCO+ (3-2) tran- 
sition shows appreciable opacity (t > 0.1) only above 
iV(HCO+)/AT/ > 10^2 cm-2 km"! s, where the (1-0) 
and (2-1) transitions become rapidly optically thick. The 
comparison of the opacity for the J = 1 — and 3 — 2 
transitions of HCO"'" thus gives useful informations on 
the column density of absorbing gas. 

4.3. IR excitation 

So far, we have neglected the effect of the infrared ra- 
diation field emitted by dust particles, on the excitation 
of the HCN and HCO+ molecules. Both molecules can 
be excited from the ground state J = to the J = 1 
rotational level of the first bending mode !/2 = 1 by the 
absorption of IR photons at 14 /im for HCN and 12 yum 
for HCO"*". Subsequent decay transfers a fraction of the 
excited molecules to the J = 3 level of the ground state. 

The strength of the local radiation field at the loca- 
tion whe re the absorp tion arises is still poorly known. 
Van Lang evelde et al.[ (fr995il adopt a representative ra- 
diation field consisting of two components: a warm dust 
component at a temperature of 150 K and a cooler dust 
component at 43 K. Obviously, only the warm dust com- 
ponent contributes to the IR radiation at the absorption 
wavelengths of HCN and HCO"'" molecules. 

We have repeated our LVG calculations for the HCN 
molecule taking directly into account the IR pumping. 
The formulae f or the excitation and de-ex citation rates 
are taken from lDeguchi fc Uvemural ()1984f ). Results are 
shown in Figure [4] Because of IR pumping, the exci- 
tation temperatures of all rotational transitions increase 
noticeably in comparison to the case without IR pump- 
ing for gas densities below 10^ cm~'^. At higher densi- 
ties approaching 10 cm~'^, the effect of IR pumping is 
very small, as expected. We note that at low gas den- 
sities, where more molecules are excited by IR pump- 
ing to higher J levels, there is an increase in the opac- 
ity of the J = 3 — 2 transition while the opacity of 
J = 1 — transition is reduced. Interestingly, the opacity 
of J = 2 — 1 transition remains approximately the same 
as in the case without IR pumping. Because both HCN 
and HCO"'" molecules have s imilar transition probabil- 
ity (jCarcia-Burillo et al.ll2006f) and vibrational transition 
frequency, we expect very similar results for the excita- 
tion of HCO"*" molecules. It is clear from Figure 2] that 
with or without the IR pumping the behavior of the line 
opacity as a function of the gas density does not change 
qualitatively. Observationally, the J = 3 — 2 absorption 
of HCO"'" and HCN is very weak, suggesting that the IR 
pumping probably does not play an important role in the 
excitation of these molecules. Therefore our conclusion 
in the previous section is not affected by IR pumping. 

4.4. Physical conditions for the LVC components 
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The LVC components, i.e., between Vhel = 535 and 
560 km s~^, all exhibit strong absorption in the HCO+ 
(1-0) transition with opacities > 1, whereas our SMA 
data shows that the HCO+ (3-2) absorption of the same 
features is relatively weak, with opacities < 0.2. From 
FiglHl we can thus estimate that, in order to be consistent 
with the observations, the density of the absorbing gas 
should be about 10'' cm~^ for a HCO"'" column density 
per velocity unit on the order of 3 x 10^^ cm^^ km^' s. 

Similarly, the HCN (1-0) absorption components reach 
an opacity of about 0.9, while our tentative detection of 
HCN (3-2) absorption suggests opacity well below 0.1. 
This is also consistent with gas density of about 10^ 
cm~^ and column density per velocity unit of '--^ 2 x 10^^ 
cm "2 km^i s (FigSl). 

Our results are there fore comparable to that obtained 
by lEckart et all (jl990l ) from analysis of the '^CO and 
'•^CO (1-0) and (2-1) hues for the deepest absorption 
feature at Vhel = 552 km s~^. They estimate a kinetic 
temperature of no more than 10 K and a gas density of 
around 2 x IC* cm"'^. They also note, however, that the 
hyperfine structure line ratios for the HCN and CN (1-0) 
transitions could suggest a clumpy medium, with density 
possibly up to 10^ cm~^. We do not see evidence of such 
high density medium from our data. 

4.5. Constraints for the HVC components 

The main goal of these observations was to probe the 
physical properties of the gas associated with the HVC 
absorption, possibly associated with the circumnuclear 
disk around the supermassive black hole in Cen A. The 
HVC absorption is best detected in HCO+ (1-0), but also 
appears in HI (although with no one to one correspon- 
denc e, see e.g. ISarma et al. 2002), OH ground state lines 
(van'Langevelde et al. 1995), HCN and HNC (1-0), and 
CS (2-1) lines (Wikhnd & Combes 1997). 

According to the results of our excitation analysis, the 
non-detection of HCO+ (3-2) absorption counterpart to 
HCO+ (1-0) components suggests that the gas density is 
lower than a few time s 10^ cm~'^. 

Eckart e t al.l ()1999f) proposed a kinematical explana- 
tion for the HVC absorption, which could be caused by 
clouds located at large galactocentric radii on the order 
of 0.5 kpc and high altitude of ~ 300 pc above the disk. 
Whereas our observations give contraints on the physical 
conditions of the molecular gas, particularly on density, 
they alone can not rule out the existence of a circumnu- 
clear disk neither confirm the kinematic interpretation of 
the complex absorption system. 

5. CONCLUSIONS 
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We have observed the absorption from the HCO+ and 
HCN (3-2) transition toward the center of Centaurus 
A with the Submillimeter Array. At least two absorp- 
tion components are identified in the HCO+ (3-2) spec- 
trum. A first narrow component, located at Vhel ^ 552 
km s^', reaches a depth of about 16% of the continuum 
level and corresponds to the deepest absorption compo- 
nent observed in other molecules and HI. A second weak 
component, approximately 10 km s~' blueward and 7% 
deep, probably corresponds to the blend of several nar- 
ro w components identi fi ed in the HCO+ (1-0) spectrum 
bv lWiklind fc Combed ([1997D . Given our sensitivity of 
2.5% of the continuum level, no counterparts of the red- 
shifted absorption components seen in HCO+ (1-0) be- 
tween 570 and 620 km s~' are detected. Absorption from 
the HCN (3-2) transition is tentatively detected around 
Vhel ^ 552 km s^'. 

While the sensitivity and dynamic range of our SMA 
observations are limited, the weak absorption in the 
HCO+ and HCN (3-2) transitions, as compared to the 
corresponding J = 1 — absorption, provides useful in- 
formations about the physical conditions of the absorbing 
gas. We have performed a simple excitation analysis for 
the J = l — 0,2 — 1 and 3 — 2 transitions of HCO+ and 
HCN molecules. We find that the HCO+ (1-0) and (3-2) 
pair of transitions is an excellent indicator of the absorb- 
ing gas density. Absorption components close to the sys- 
temic velocity (LVC) have density on the order of a few 
times 10** cm~^, for a column density of a few times 10^^ 
cm~^. The non-detection of absorption counterparts to 
the HVC redshifted components suggests corresponding 
density of 10'* cm~^ or lower. Thus, nowhere on the line 
of sight to the central continuum source of Cen A is to 
be found molecular gas with density higher than a few 
10'* cm~^. The inclusion of IR excitation in our model 
does not change substantially these results. Either the 
line of sight to the radio continuum source does not inter- 
sect the circumnuclear disk, and the different absorption 
components arise at different locii in the galactic disk, 
or the density of the absorbing gas in the circumnuclear 
disk is lower than a few 10* cm~^. 

We thank the SMA staff for their very competent as- 
sistance with these observations. We are greatful to 
the anonynous referee for providing us with constructive 
comments. The Submillimeter Array is a joint project 
between the Smithsonian Astrophysical Observatory and 
the Academia Sinica Institute of Astronomy and Astro- 
physics and is funded by the Smithsonian Institution and 
the Academia Sinica. 
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Fig. 4. — Excitation temperature and opacity of the J = l — 0, 2 — 1 and 3 — 2 transitions of HCN as a function of gas density in the case 
'^kin = 10 K and A'(HCN)/Ay = 2 x 10 cm~^ km~^ s. Thick curves correspond to the case of excita tion by collision only, thin curves 
with IR pumping included. The parameters of the radiation field are taken from van ILangevelde et al.l ||1995| 1 : Tjj = 150 K, AQ = 0.1, 
E(B - V) = 1 and /3 = 1. 





Fig. 5. — Excitation temperature and opacity for the J = l — 0, 2 — 1 and 3 — 2 transitions of HCO"l for a gas density of n(H2) = 10* 
cm~'^ and a kinetic temperature of Tj^in = 10 K. 



